In a recent communication (2) it was shown that the hydrometer method can be used for determining the combined sands, silt, and clay or colloids in only 15 minutes. For general purposes these three main divisions are sufficient. In many detailed soil studies, however, a greater number of textural divisions is necessary and advisable.
In a recent communication (2) it was shown that the hydrometer method can be used for determining the combined sands, silt, and clay or colloids in only 15 minutes. For general purposes these three main divisions are sufficient. In many detailed soil studies, however, a greater number of textural divisions is necessary and advisable.
It has been found that by applying Stokes' law to the data obtained by the hydrometer method, a soil can be divided into any desired number of textural divisions. Although there may be many objections to the employment of Stokes' law in making a mechanical analysis of soils, yet it gives many funda mental comparisons of soils, and therefore has been adopted by the Interna tional Soil Congress (3) as an aid to the mechanical analysis of soils.
By the combination of Stoke's law and the hydrometer method, it is now possible to determine simply, quickly, and extensively the range of size and the amount of soil material that falls within this range, and thus any number of textural divisions can be made.
METHOD
The method of making a mechanical analysis of soils by the combination of Stokes' law and the hydrometer method consists first of ascertaining the size of particles that fall at various times under the procedure used in the hydrom eter method and than taking readings on the hydrometer at those periods.
The formula used in calculating the size of particles at the various rates of falling is shown below. The height of column and the temperature used in the calculations were 32! cm. and 20°C. respectively. The height is measured from the top of the soil suspension column with the hydrometer in it to the point where the solid soil column is being formed. The foregoing figures for size of particles signify the upper limit of size of any particle that stays in suspension at any given time. For instance, at the end of 1 minute the upper limit of any particle that may still stay in suspension is 0.077846 mm. in diameter, at the end of 1 hour 0.01005 mm., etc.
If one takes hydrometer readings at all the various periods shown above, one will have a very complete picture of the size and amounts of the various particles, or a complete distribution curve, in any one soil. It is probably not important, however to take all the above readings. It has been decided that the most important readings are those taken at the end of 1, 2, and 15 minutes and at the end of 1, 4, 8, and 24 hours. These periods would give particles 0.077846, 0.055050, 0.02010, 0.01005, 0.00502, 0.00355, and 0.00205 mm. respectively. This would afford four divisions for silt; namely, 0.055050, 0.02010, 0.01005, and 0.00502 mm., and three divisions for clay or colloids; namely, 0.00502, 0.00355 and 0.00205 mm. Hence, both the silt and clay are divided into a greater number of division in the hydrometer method than in the regular mechanical analysis.
Unfortunately it is not possible to subdivide the sands by the hydrometer method as it is the silt and clay or colloids. For subdividing the sands, the soil suspension, after it has been used for all the necessary hydrometer read-ings, is poured into a 150-mesh sieve and water run over it from the faucet to wash away all the material that will go through the sieve. The sieve will re tain all the coarse material up to and including fine sand. The sands retained in the sieve are then dried and passed through the different size sieves to de termine the amounts of the various size sands. The very fine sand is deter mined by difference, for the total amount of sand is known quite accurately from the hydrometer reading at the end of 1 minute (3).
Although the separation of the various sands by the above procedure may nor be accurate, yet it is approximately correct. The total amount of sand, however, as revealed by the hydrometer reading, is quite correct.
Temperature affects the hydrometer readings by affecting both the density of water and the rate of settling of the soil particles. Since the soil suspensions have to stand for many hours, it is necessary that the temperature should stay constant during this period. Various devices can be used to maintain a fairly constant temperature. It has been found, however, that the most practi cal method is running tap water. Any kind of a container that will hold the cylinders can be arranged so that the tap water enters and runs off thus main taining a constant temperature. At this laboratory the temperature of the tap water was about 13°C. and varied little, if any, during the 24-hour period. Indeed the arrangement worked remarkably satisfactorily.
The procedure followed in making hydrometer readings in this constant temperature bath was as follows: The soil suspensions were prepared exactly according to the methods described previously (1), then the cylinder containing the soil suspension and the hydrometer was placed in the constant temperature bath and allowed to stand there with occasional stirring with a rod, until the contents attained the temperature of the bath. The cylinder then was taken out and the contents were shaken vigorously. The cylinder was placed on the tabla and the time was noted quickly. The hydrometer was then placed in the cylinder and at the end of 1 and 2 minutes the hydrometer readings were taken. It will be noted that during the first 2 minutes the cylinder was not in the constant temperature bath but in room temperature. The first two read ings were taken out of the constant temperature bath because of the difficulty in placing the cylinder into the bath quickly enough after shaking it to take a correct reading at the end of 1 minute. The error that may arise from any change in temperature i. s slight and corrections can be made for it. After the reading was taken at the end of 1 or 2 minutes the cylinders were returned to the temperature bath and the readings taken at the stated intervals. Be fore the reading was taken the hydrometer was pushed down gently to avoid any lagging. All the hydrometer readings· then were reduced to 67°C. as de scribed previously (1) .
For the heavier types of soil SO gm. should be used, but for the sands and light sandy loams 100 gm. should be employed.
As stated in previous papers, the hydrometer was calibrated against actual soil suspensions. Its readings, therefore, are quite accurate. It was found very difficult to calibrate the range from 0 to 10 gm. per liter, however, and this range is not so accurate as the rest of the range. But if 100 gm. is employed the error is very small.
The number of soils whose detailed mechanical analysis can be examined by the hydrometer method as described above, is limited mainly by the number of hydrometers and the number of cylinders that one cares to invest in. When it is considered that hydrometer readings are taken only at the end of 1, 2, and 15 minutes, and 1, 4, 8, and 24 hours, it is readily realized that a large number of soils can be started and run at the same time. It is very easy and practical to examine ten soils in about 25 hours by using ten hydrometers and ten cylinders. This is a great contrast to the time required to make a mechanical analysis of a single soil: And the important thing is that the mechanical analysis will not subdivide the soil particles into as many classes as the hydrometer method does.
EXI'ERIMENTAL DATA
In table 1 is shown the detailed mechanical analysis of a number of represen tative types of soils, as obtained by the hydrometer method with the aid of Stokes' law. This mechanical analysis represents a more detailed subdivision of the silt and clay or colloid fractions of the soil. The subdivisions of the sand fraction are not shown in this table because, as discussed previously, they are obtained by the sieve method. However, the total amount of sand in each soil is shown in table 1 by difference, as for instance, all the soil material that is not in suspension at the end of 1 minute is sand (2) .
According to Stokes' law the dividing point between very fine sand and silt would be at the end of 2 minutes, but according to the comparison of the hy drometer method and the mechanical analysis as shown previously (2) the dividing point would be at the end of 1 minute. In table 1, the results for both periods are shown. Since the actual mechanical analysis of 30 different soils, as obtained by the U. S. Bureau of Soils, shows that the percentage of the material that settles out at the end of 1 minute in the hydrometer method (2) is equal to the percentage of all the combined sands as obtained by the mechanical analysis, the data at the end of 1 minute may be taken as the divid ing point between the sand and silt. Since this dividing point disagrees slightly with that of Stokes' law it may appear that the error is considerable. It is believed, however, that the actual error is probably very small because of com pensating factors.
The data in table 1 show many most interesting and important facts. In the first place they show that the hydrometer method with the aid of Stokes' law can be employed very successfully to determine the amount and size of the vari ous soil particles in soils, and consequently to obtain simply and quickly a very detailed mechanical analysis of soils. It will be seen that there are six divisions in the silt and clay or colloid fractions. In the second place, they reveal the fact that the proportion of the different soil particles varies tremendously in the diverse soils with great extremes. For instance, soil 3 had practically only two groups or sizes of particles, sand and clay or colloids, because the material that stayed in suspension was practically the same for all the different periods. Indeed, after the 15-minute period of standing and for the next 24 hours there was hardly any change in the material staying in suspension. As will be noted, the amount of material staying in suspension at the end of 1 minute is 35 per cent, at the end of 15 minutes 30 per cent, and at the end of 24 hours, 28.6 per cent, or a difference of only 1.4 per cent between the 15 minutes and the 24 hours.
On the other hand as a contrast to soil 3, soil 5 has a great range of size of soil particles, because the soil particles continued to fall and settle very regularly and rapidly with the time of standing. At the end of 1 minute, for instance, there was 60 per cent of the material still in suspension, at the end of 15 minutes 29.0 per cent, and at the end of 24 hours only 4.6 per cent. Apparently this soil is fairly equally distributed in all the various sizes. Soil 14 is somewhat like soil 3 with the exception that the former is composed almost entirely of sand which settles out at the end of 1 minute and there is very little material that settles out after that.
These three soils represent the extremes of the soils contained in the table. The other soils show all variations between these extremes.
The amount of material between any two ranges of size of soil particles can be determined by difference and thus both the range of size and the amount in that range, are known.
All the 14 soils listed in table 1 can be examined and the detailed mechanical analysis shown can be obtained in only 1 or 2 days, whereas the regular me chanical analysis would take many weeks to accomplish with more work and with less detailed results.
In previous communications the hydrometer method was proposed for de termining the colloidal content of soils and also for dividing the soil material into three main groups, sand, silt, and clay or colloids in only 15 minutes. In the present paper much longer periods are employed for determining the finer material of the soil. As a consequence, it may appear that there is inconsist ency in these various proposals.
A critical examination, however, shows that these various proposals are not inconsistent, but that each has been offered to serve a specific purpose. For instance, the 15-minute period is employed for making a broad and general division between the colloidal and non-colloidal material in the soil; in other words, the 15-minute period seems to mark the transitional point between the colloidal and the non-colloidal material. Now the colloidal material may vary tremendously in size of particles, and it can be subdivided into any number of classes, and to each class or division any name may be given that one desires.
In the present paper an attempt has been made to divide the colloidal portion of the soil into a larger number of divisions than in the previous work and this work is in no way contradictory to, but simply an elaboration of the previous work.
In comparing the claim that the hydrometer method can determine the total colloidal content of soils in only 15 minutes with the figures of the upper size limit of particles in Stokes law, it must be remembered that there are certain compensating factors in the hydrometer method which tend to give the true final result (1) and which the mathematical calculations do not take into account.
SUMMARY
With the aid of Stokes' law the hydrometer method can be used to make a very detailed mechanical analysis simply and quickly. More than ten soils can be analysed in one or two days and a greater number of textural divisions can be obtained than in the regular mechanical analysis method.
The method appears to be sound and to have great promise.
